* Negative examinations were repeated in most instances. Jf Moved into Bed 2 on this day.
The work upon which I shall report in this paper was carried on from November, x9o4, to April, x9o5, in the Laboratory of the Mount Sinai Hospital, at the request of the Commission for the Investigation of Acute Respiratory Diseases, of the New York City Board of Health.
The general scope is set forth under the following headings: I.---The occurrence of the pneumococcus in the mouths of normal individuals. I I . --T h e evidence of communicability of the pneumococcus from one person to another. I I I . --T h e study of the pneumococci isolated. IV.--The study of organisms found in the mouths of normal individuals which closely resemble the pneumococcus. V. The identification of the pneumococcus; features of most diagnostic importance. V I . --T h e agglutination of the pneumococcus and allied organisms. VII.--General summary.
THE OCCURR]~NCB OF THE PNEUMOCOCCUS IN THE MOUTHS OF NORMAL INDIVIDUALS.
The studies on the occurrence of the pneumococcus in the mouths of normal individuals were conducted in two series. 497 I. By isolation of the pneumococcus from the mouths of ward patients, doctors, and nurses, not suffering from pneumonia.
3. By an examination of throat cultures on Loeflier's serum taken from individuals not suffering from inflammations with which the pneumococcus is usually associated, and by the morphological identification of the pneumococcus in such cultures.
The first series will be referred to as the "completely studied cases," the second as the "throat-culture series."
Completely Studied Cases.
Technique.--The material from which the isolations were made was obtained in the following manner. Sterilized swabs, such as are used for making throat Cultures, were carried to the bedside, and the secretions of the mouth from the region of the posterior pharyngeal wall, pillars of the fauces, and tonsils were obtained by means of them. In a number of cases, additional material for cultures was obtained by collecting saliva in sterile test-tubes.
For the recognition and identification of the pneumococcus in the secretions, spreads of the secretion were stained, Loeffier serum cultures were examined, Petri plates were prepared, and in some instances animal inoculations were made.
Very little reliance was placed on the films. In most instances the number of organisms present in the original material was so small that they were not detected in the films, although the latter were stained both by the Gram and the capsule methods. At first thorough and painstaking search was made over these specimens. When it was subsequently found that the examinations were usually negative, even when the culture method proved the presence of the organism, less attention was paid to this procedure.
Loeffier serum tubes were inoculated directly from the swabs in every case. The tubes were incubated and spreads from various parts of the tube were stained after from eighteen to twenty-four hours' growth by the author's capsule method. It may suffice here to call attention to the fact that in very many, and in fact in the majority of, instances, the presence of pneumococci in the mouth can be diagnosticated by this simple procedure. By the employment of direct inoculations on Loeffier serum in every case, side by side with the plate method, I was able to determine the respective values of these two procedures. The full data will be given under the section~dealing with the incidence of the pneumococcus in normal mouths.
The technique employed in the morphological identification of the organism on the Loeffier serum was the following: In most instances one or two tubes were inoculated directly by means of swabs, but a series of tubes, the inoculations being made on successive tubes until the swab was fairly dry, was also made in a number of cases.
The plan finally adopted was to examine the cultures after eighteen to twentyfour hours' growth, the spreads being made as follows: A number of loops from various parts of the tube was removed and thoroughly mixed with a few drops of a dilute beef-serum (beef-serum 1 and normal saline solution equal parts by volume) previously placed upon a clean slide. A loop of this mixture was carefully spread upon a perfectly clean cover-slip and stained by the author's capsule method.2
The characteristic appearance of the pneumococcus and its variations, when stained in the manner described, will be discussed in another section. The close resemblance of this organism and the small coccoid and diplococcoid forms of the Friedl~nder bacillus, so frequently met with in cultures from the human mouth, made it necessary to employ some differential method. The use of the capsule stain combined with the Gram stain made the differentiation of the two organisms in spreads possible. It was found that both the capsules of the pneumococcus and Friedl~nder bacillus take the counterstain, and the body of the former remains stained, whereas that of the latter is decolorized.
The examination of the Loeffier-serum cultures in the manner described was therefore conducted as a matter of routine in every case. It served as a fairly reliable indicator as to the presence of pneumococci in the plates. The value and reliability of a morphological identification of the organism was studied first, by comparing the results obtained in the plate isolations with the examination of the throat culture in every case, and secondly by plating out a large number of positive tubes and demonstrating the presence of the organism in pure culture.
In the development of a method which would be rapid and satisfactory for the isolation of the pneumococcus, a number of factors had to be taken into consideration. It was deemed important in dealing with an organism which is known to suffer such considerable alteration in morphology and virulence on culture media, to be able to obtain pure cultures which would be but little changed from the original type. The general aim was to observe the peculiarities of morphology, cultural characteristics, metabolic activity, and virulence of each strain.
The two methods which were adopted for the recovery of the organism were 1 Undiluted rich pleural or ascitic fluid may be substituted. 2 The method is as follows: Before the spread is completely dry it is covered with Zenker's fluid minus acetic acid and gently warmed for 3 to 5 seconds over a small flame. It is washed rapidly in water and flushed once or twice with 8o to 95 % alcohol, and then covered with tr. iodine which is allowed to remain on the cover-glass from 30 to 6o seconds or even longer. The iodine is washed off in alcohol and the specimen dried in the air. The staining is done with fresh aniline oil-gentian-violet in 2 to 5 seconds, the excess of stain being removed with 2 % salt solution. The preparation is examined in this fluid.
See the Medical News, 19o4, lxxxviii, i i 17. Double staining can be carried out as by the capsule and Gram stains. After the specimen is dried in the air, it is stained by the usual Gram method, then counterstained with strong fuchsin (sat. alcoholic sol. io to 15 parts, water to ioo parts) for a minute or longer, washed in water and mounted in that fluid. first plating and second inoculation of animals. The former is more tedious, the latter gives one a strain altered perhaps both in virulence and other properties. During the course of these experiments certain modifications and improvements were developed, which made me adhere to the plate method throughout the series of experiments to which I have referred.
My attention was directed first to the nature of the medium most suitable for plating, and second to the plating itself. Observations were made on the rapidity and luxuriance of growth of a number of pneumococci on serum-agar, and on serum-glucose-agar, made up with varying amounts of peptone, with or without the use of meat infusion, and of various titers. Profuse growths were regularly obtained on all these media.
It was decided to employ an agar or a 2 % glucose-agar of a neutral, or, at most, o.5 % phenolphthalein acid titer. The medium was usually made from meat infusion and contained I. 5 to 2 % peptone and 2.5 % agar. Stock plates of these media (serum-agar and 2 % glucose-serum-agar) were poured. The agar or glucose-agar was melted in large tubes and allowed to cool down to a temperature below the coagulation point of the serum. One third volume of rich albuminous ascitic fluid was added, and the resulting medium poured into Petri-plates. These were tested by incubation and stored in the ice-chest, ready for use.
These plates were used for isolating the pneumococcus. At first the serumagar and glucose-serum-agar were used side by side. It was found that although the former gave quite as luxuriant growths as the latter on slants, for the purposes of rapid isolation and detection of the organisms, the sugar medium, as pointed out by Libman,3 was to be preferred.
Although in the serum-glucose-agar good growths are obtainable even when the reaction of the original agar is L 2 % acid, it was deemed advisable to use as low a titer as would be compatible with good growth. Neutral glucose-agar, which upon the addition of ascitic fluid became slightly alkaline, afforded a medium which was very favorable for the growth of the pneumococcus. That the acid production at the end of eighteen to twenty-four hours did not raise the titer of such a medium to a very high point was shown by employing streptococci which were known to be abundant acid producers in glucose media. When cultivated on a more acid glucose-serum-agar (one made up from 0.8 % to 1.2 % acid glucose-agar), they made manifest the high acid titer by abundant precipitation or whitening after the stated period of time. When grown on alkaline agar, this was not apparent until almost double the time had elapsed.
The technique of plating required modification. By the use of the usual method, very many colonies are buried, and as deep pneumococcus colonies present nothing sufficiently definite to aid in their recognition they may be overlooked. When, besides this, the great variety of the flora in the human mouth and the usual numerical preponderance of other organisms over the pneumococcus are considered, it is clear that it is important to have a great number of surface colonies from which to pick. Both the usual streak method, and one carried out by wiping a loop over the whole surface of a plate, by a to-and-fro lateral motion, proved unsuccessful. The plan finally adopted was as follows:
A swab taken from the mouth was thoroughly shaken in a tube of neutral bouillon. From this primary tube dilutions in bouillon with four, six, and eight loops may be made. A small portion of the dilute mixture was poured at a point near the periphery of the prepared plates. By a slight tilting motion the fluid was carefully distributed over the whole surface of the plates. Care 'must be taken to avoid an excess of fluid. It was found that plates made in this way gave a sufficiently thick and discrete distribution of surface colonies. As a rule, a number of plates were poured from the eight-loop mixture. These were generally satisfactory. In plating from growths on Loeffler serum the same plan was followed. One, two, and four loop-full mixtures were made from a primary tube containing approximately ~uth loop of the culture, and poured as above.
Films, Loeffler tubes, and plates were made from each case. Eighteen to twenty-four hours later the examinations of the cultures were made. As already stated, the spreads were usually negative, while the Loeffier cultures often showed the presence of pneumococci. The plates were also studied for the characteristic colonies.
The colonies of pneumococci are described rather indefinitely by most authors as being colorless, almost transparent, and watery. When studied on the media recommended, many strains present very characteristic colonies. The surface colonies of the pneumococcus take on the form of small flattened disclike growths. When viewed from above, and by means of reflected light, the surface looks glassy, either flat or slightly depressed in the center. When looked at from the side, or more especially by transmitted light, the colonies appear as distinct rings, enclosing an almost transparent central area. When held up against the light, these rings look milky and somewhat opaque. The ring form is very characteristic for most of the pneumococci directly isolated from the mouth. It must not be understood that all pneumococcl grow in this way, or that the same organism will do so under all conditions. At times a more mucoid colony without the ring shape is the type for some strains. However, a sufficiently large number of the organisms were found to show this form to warrant a careful search for them in the plates. Streptococci were found in rare instances to grow in ring-like colonies. These, however, when carefully examined were found to have a distinct nucleus, or more opaque center, thus differing from the transparent almost invisible center of the pneumococcus colonies.
It was customary ta pick off a portion of the suspected colonies and stain it by means of the capsule method. When the typical "ring-form" was present, the typical encapsulated pneumococeus forms were generally found. When the colonies were too small, subcultures were directly made, and the morphological identification postponed a day. Positive colonies, spreads of which had shown encapsulated diplococci, were cultivated on tubes of serumagar. From this point on, sugar media were avoided, and transplantations were regularly made on ascitic-serum-agar. Twenty-four hours later the surface growth was employed for tests of pathogenicity, and subcultures used for further morphological, cultural, and other tests. In this way it was possible in most instances to inoculate test animals with pure cultures of the organism forty-eight hours after the plates were poured, and with the second generation of the organism.
White mice were employed for tests of virulence, the heightening of the virulence of certain strains, for testing doubtful organisms, and for direct inoculations of saliva.
In testing virulence, inoculation, whenever possible, was made with the second generation of the pneumococci. The surface growth of a 24-hour culture on serum-agar was suspended in i c.c. of normal saline solution and injected subcutaneously. These animals served not only as a means for determining the pathogenicity of the organisms, but also to prove the correctness of the diagnosis by presenting the typical encapsulated forms in the exudate and blood.
A heightening of virulence was resorted to for the purpose of obtaining strains which were to be used for the immunization of rabbits. Tests to increase the virulence of organisms resembling the pneumococcus, and of avirulent forms of the pneumococcus were also made.
Doubtful organisms, particularly those in which typical capsule forms were not demonstrable in culture, were also put into mice for purposes of diagnosis.
CONSIDERATION OF THE CASES.
In this place will be given the results of the studies on the occurrence of the pneumococcus in normal mouths. Although the mouths were not always strictly normal, those which for all intents and purposes could be regarded as such, fell within the scope of the work. In some cases there was slight hypereemia, moderate catarrhal inflammation, or slight follicular hyperplasia. Notes on these conditions were always made.
The material for study was derived in the main from the hospital wards. The total number of normal cases studied was 78. Cultures were also taken from doctors, nurses on duty, and a few from private persons outside the hospital. Some of the diagnoses in the sick were multiple neuritis, brain tumor, rheumatism, oste0myelitis, appendicitis, nephritis, and cirrhosis of the liver. In a general way it may be said that the work was planned with a view of obtaining evidence of communicability from person to person of the pneumococcus. Negative cases were examined two, three, or more times in the attempt to discover the organism, and positive cases were also re-examined. In the latter, data regarding the persistence of pneumococci in the mouth were sought. The 78 persons studied consisted of 49 adult males, 24 adult females, and 5 children.
The percentage of those in which pneumococci were found at some time or other was fifty.
The following tabulation gives the percentage of positive results in the case of adult males, females, and children. In the above so-called "normal cases" there was one child in whom diphtheria bacilli were isolated from the throat.
In addition to the normal cases, the presence of pneumococci was determined also in fifteen cases of pneumonia. Most of these were cases of frank lobar pneumonia, others were cases of bronchopneumonia, one was a case of grippe:pneumonia, while in one case only was the FriedlAnder bacillus found. These pathological cases were added to the list for the following reasons: first in order to obtain information regarding the reliability of the cultural methods employed; second as controls in the studies made upon the communicability of the pneumococcus from the mouths of pneumonia cases to other patients in the ward; and third for a comparative study of the organisms isolated from them and from normal persons.
Of the total fifteen cases there was one case as stated in which the FriedlAnder bacillus but not the pneumococcus was isolated, and another case of "influenza pneumonia" in which neither pneumococcus nor the pneumo-bacillus could be discovered. In the remaining thirteen cases the Diplococcus lanceolatus was demonstrated once or more times. Twelve strains were isolated and studied. By repeated examinations of the cases, information regarding the persistence of the organism in the mouths of such patients was obtained.
Before entering upon a more detailed study of the normal and
Studies of the t)neumococcus and Allied Organisms
pneumonia cases, it may be well to append a table (I) giving the condition of mouth and pharynx in each patient. A survey of this table will show that, apart from slight congestion (which was not present at every examination) or follicular hyperplasia, most of the throats examined were negative for pathological conditions. The cases are given in the order of their study.
In order to facilitate future reference, both as to the organisms isolated and the cases themselves, I have tabulated the completely studied cases, indicating whether they were normal or pneumonia cases, and also noting the number of the cultures of pneumococcus or allied organisms. Whenever more than one culture was isolated for thorough study, more than one number will appear in the respective column. 
42.
S.W. * N means "normal"; P, pneumonia; F, Friedl~nder bacillus infection. ** Cultures in this column were identified as pneumococci and will be designated by the letter E followed by a number. They were isolated from the case occupying the same line.
t The plus mark indicates that in these cases pneumococci were found but not completely studied.
Other organisms, i. e., doubtful strains, unidentified forms, and Streptococcus mueosus capsulatus are designated by letter E or otherwise. S.M. ¶ § In these cases at one time the organism was identified but not studied; at another time culture marked E was isolated. ! ~ ~ Influenza pneumonia case.
¶ Streptococcus mucosus.
The Persistence o~ the Pneumococcus in the Mouths of Normal Persons.--In the study of the organism in the so-called normal eases, the repeated occurrence of the pneumocoeeus in the same individual was often demonstrated. Time did not permit of the complete study of all the organisms isolated in this way. Whenever the persons themselves or the particular strain of organisms presented points of unusual interest, a number of different strains was isolated and studied. Reference to the foregoing table will show that in some patients, two, three, or four pneumoeoeci (marked E) obtained on different occasions were identified and kept for study. In many of the other cases, however, when cultures were repeatedly positive the fact aIone was recorded, and the organism itself merely identified.
For the purpose of convenience the results of the observations on a number of the cases in which the pneumococcus was found more than once are tabulated. A number of instances in which there were several negative cultures and one positive one is also included. The data may be taken as showing that the pneumococcus is to be found in normal human mouths for days, weeks, or even longer.
In the following table the words "positive" and "negative" 4 indicate whether or not pneumococci were cultivated from the mouth on the corresponding dates: 4 The phrases "positive case" and "negative case" are used throughout this paper to indicate the presence or absence of pneumococci in the mouth. Before analyzing this table I wish to present the results of the examinations in another form. In this the longest time which elapsed between two positive cultures in the same case will be indicated, and the total number of examinations made in each instance and the total number of positive findings recorded. All the cases in the last table are not included in Table IV . The number of times pneumococci were found. Cases in which only one positive culture was obtained and those in which the time between two positive examinations was only one or two days are omitted.
Examination of Tables III and IV brings out some interesting points. In the first place it is seen that one or more negative examinations often preceded the positive finding. A single set of negative cultures is of course not convincing. In some cases, however, the absence of the organism was noted on two, three, or more days before the first positive find. Such cases are certainly to be regarded as furnishing evidence of the fact that the pneumococcus may suddenly appear in normal mouths which have been previously shown to be free from them. The following are some such instances:
Case 2, negative, Nov. 25; positive, Nov. 27 . " 55, negative, Jan. ix, I5, 16, x9; positive, Jan. 26. " 63, negative, Jan. 24, ~6, 27; positive, Jan. 29.
Another fact to be mentioned i~ the regularity with which the pneumococcus was found in certain persons. Thus it was present:
In Case 13, 3 times in 3 examinations. In the latter, the intervals between the first and last examination were xS, 4, x2, and 26 days, respectively. These patients of this table left the hospital shortly after the last culture was taken and hence could not be studied further. The second column of Table IV shows how long pneumococci were actually found to exist in some of the cases. The shortest time is four days, the longest twenty-six. There seems little doubt that these figures might have been larger had the observations been extended over a longer period of time.
There is another series of cases, of which numbers 24, 39, and 42 are examples (Table III) , which deserves mention. In these the organism was not detected at every examination, but very frequently. That the bacterial flora of the mouth must undergo changes throughout the day is highly probable. The mechanical and chemical influences to which the mucous membrane is subject are necessarily great. It is very probable, then, that repeated examinations made on the same day might have revealed the organism where a single culture proved negative.
From a consideration of the foregoing, there would seem to be evidence that the pneumococcus may suddenly appear in the so-called normal mouth, that certain individuals carry the organism in their mouths for considerable periods of time, and that even those persons in whom the organism cannot be demonstrated at every examination may harbor the pneumococcus in the less accessible portions of the respiratory tract.
THE STUDY OF CASES OF PNEUMONIA.
From this class of patients, as already mentioned, the pneumococcus was isolated as a control in the study of the communicability of the pneumococcus to other patients in the hospital wards. These cases also furnished proof of the reliability of the cultural methods employed and materials for use in the comparative study of the organisms from normal and pathological cases. With the exception of Nos. 25 and 62, pneumococci were found in all. The former was a case of lobar and the latter a case of influenzal pneumonia. There were in all z 2 lobar and two broncho-pneumonic cases.
* The Friedlander bacillus was isolated repeatedly; pneumocoecus not found.
T A B L E VI.
C a s e 3. C a s e 28.
Nov. 22, positive (Tth day) * Dec. i5, pos!tive ( I I t h day)
D e e . i, 
27,
--
C a s e 6 I .
Jan. 2~, pos!tive (?)
22, " 23, "
* Day of the disease. Whenever this column is found blank, the examination was made after resolution had set in or the crisis had occurred.
There was no difficulty in isolating the organism from these patients. In most instances several successive positive cultures were secured. No complete investigation of the length of time the pneumococcus could remain in the mouths of the patients was made. Such data as were obtained showed t h a t t h e y were present for m a n y days after the crisis or after the beginning of resolution.
In Case 3, it was found 9 days after the crisis, s , 23 " "3 I, " " " X6 " " " " Although the last recorded culture taken in Cases 3, I9, and 28 were negative (Table VI) , it is possible t h a t observations extending over a longer period of time m a y have given positive results.
It is intended in tb/s section to give the results of studies made upon a separate series of cases. The plan of this part of the work was to obtain data regarding the incidence of the pneumococcus in a large number of normal cases, to ascertain the value of the morphological identification of the pneumococcus as compared with the other methods, and to determine in how far this last procedure would fall behind the plate method as a means for detecting the organism in the mouth.
Two hundred and four normal cases, not including the seventy-eight "completely studied" cases, were examined. In this series there were 7x positive and i33 negative, cases, or 34.8 % of positive cases, being i5.2 % less than the percentage which was found in the "completely studied" cases. In order to explain this discrepancy it may be well to analyze the factors which may be responsible for the difference: ist, the cases themselves; 2d, the imperfection of the method, and 3d, the morphological identification of the pneumococcus in Loeffler cultures. The difference in percentage may after all fall within the limits of this larger series of cases. But the fact that the examinations were made only once in each case could also account for the disparity.
The cultures were often taken on one tube only. A possible overgrowth by other organisms must be considered. This is to be avoided in many instances by the inoculation of several tubes in series with the same swab. Although in the preparation of films from the tubes care was taken to include many different portions of the surface growth, and although a number of specimens were examined in each instance, it is likely that a certain number of pneumococci may have been missed. Finally the morphological identification of the pneumococcus may be at fault.
In the spreads stained by the capsule method, the pneumococcus must be differentiated from a number of other encapsulated organisms: from the encapsulated streptococcus, the Streptococcus mucosus capsulatus, the diplococcoid forms of the Friedl~nder bacillus, the diplococcus forms of the Micrococcus tetragenus, the double cocco-bacillary organism frequently found in beef-serum, and from a large number of peculiar encapsulated diplococci and streptococci.
In I45 of the 2o4 throat examinations, notes were made in regard to the preponderating organism. In the following table the frequency of occurrence of the organisms appearing in greatest numbers is given for the I45 cases. In this series the Priedl~nder bacillus occurred twenty-one times, or in about I4.5 %, and the Streptococcus mucosus eapsulatus eight times, or in about 5.5 %.
In many of the cultures the mixture of organisms was so great that no single form could be estimated accurately. Very often the streptococci and staphylococci seemed to be present in equally large numbers. Only such bacilli were identified as belonging to the Priedl~nder group as exhibited typical capstiles when grown on Loeffier's medium, as well as the characteristic mucoid growth. There was an exception in the case of an organism which was proven to belong to this class by isolation and subculture, but on which capsules were not demonstrated. Many of the bacilli were isolated and studied. The results of this part of the study furnish, therefore, further evidence of the frequent occurrence of the pneumococcus in the mouths of normal individuals.
STUDIES ON THE COMMUNICABILITY O1 ~ TH]~ PNEUMOCOCCUS.
This part of our study was approached in two ways: by means of the histories of the individuals studied, and by repeated observations on the occurrence of the pneurhococcus in the mouths of patients in the hospital wards.
Very little information in regard to the source of the pneumococci to be found in the positive cases could be obtained from the histories. The ignorance of the patients, their failure to remember the condition of those with whom they came into contact, and their inability, in most instances, to give reliable answers in regard to their association with pneumonia cases made obtaining any reliable data unsatisfactory. In a very few cases there was a history of pneumonia in some member of the family, or in the individual himself. One positive so-called normal case had lived in the same house with a patient who was suffering from lobar pneumonia, and who was subsequently treated in the same ward.
Evidences of communication of pneumococci from one person to another were sought: by demonstrating the absence of pneumococci in the mouths of normal cases, by noting the appearance of the organism in the mouths of such cases, by studying the possible sources of infection and groups of patients who came in contact either with pneumonia cases or with persons in whose mouths the pneumococcus had been found, and by collecting other data in regard to the occurrence of the organism elsewhere in the hospital wards.
For this study two male wards, one containing twenty-four and the other twelve beds, and a medical children's ward were selected. The number of positive cases present in the small ward at any given time was rapidly ascertained ; three successive days sufficed for taking cultures from all twelve cases, four being taken at a time. It was possible by the employment of the plate method to arrive at fairly definite conclusions after twentyfour to forty-eight hours. This process was repeated a number of times and the subsequent appearance of the organism in negative cases determined. The larger male ward and children's ward were studied in a similar manner, five or six cultures being taken a day.
Negative cases were repeatedly examined. Some of them could be followed from the day of their arrival in the wards. Others, such as cases of chronic nephritis, cirrhosis of the liver, chronic rheumatism, etc., had already been occupants of beds for days and weeks before the work was begun. In all of these it was possible to watch for subsequent development of pneumococci in the mouth.
The group of cases already referred to was selected for the purpose of observing the effect of the association of "negative" individuals, both with pneumonia cases and with those "normal" persons in whom large numbers of pneumococci were repeatedly found. In certain circumstances, upon the arrival of a pneumonia patient in the ward the secretions from the mouth, as well as from the mouths of patients in the adjoining beds, were examined. These observations were repeated on a number of days. The same plan was adopted for the study of some of the normal "positive" cases.
In regard to other sources of infection, a number of handkerchiefs and cups belonging to "positive" cases were examined for the presence of pneumococci.
The following tables will give the results of several series of cases studied in wards, either in groups or singly. Table No. VIII refers to one of the children's wards. Isolated observations were made on these patients during a period of about one month and a half. pos.
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* Normal, i. e., suffering from some disease which could bear no relation to the presence of pneumococci in the mouth.
The examinations were made within the two dates. A dash signifies that no culture was taken; usually because the patient had left the ward or had not as yet been admitted.
In the first column of the table will be found the bed numbers of the cases under observation. There were eleven cases in all. Besides these, a night and day nurse (Nos. i and 2) are included in the list. On November 22d there were three patients with pneumocqcci in their mouths; two of these were cases of pneumonia and one a "normal" case. On the 4th of December Nurse No. 2 was positive, but inasmuch as she had not been examined before, no deduction can be made. On the i Tth of December, No. 9, another case of pneumonia, was admitted to the ward.
Bed No. i now furnished an instance of possible acquisition of the organism by reason of association with positive cases. A girl with chorea was up and about the greater part of the day and frequently attended to the wants of certain other cases in the ward. Three examinations made between November 22d and December 26th gave negative results.
On the ist and 2d of January, however, the organism was found present in her mouth.
As an example of a case in which the appearance of pneumococci could possibly be traced to the patient in the adjoining bed, I may cite the following: Case 24 (Table II) , a "normal" patient in Bed x, was examined on the 4th and ioth of December and found negative. On the ~oth of December a case of lobar pneumonia was put in the next bed. Pneumococci were repeatedly demonstrated in the latter patient, and on December 15th and on a number of days afterwards the same organism was detected in the "normal" patient, as is shown in Table IX. pos.
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In the above table the dates and results of the various examinations are given. Another case of lobar pneumonia (Bed 4) was admitted on December xTth, and was regularly positive. The same ward furnished cases in which pneumococci were only occasionally found. The source of the organisms could certainly be referred to the large number of patients, pneumonia or normal, who habitually carried them in their mouths. Thus Bed 8, in Table No . io, could possibly be regarded as having been repeatedly infected.
A further series of similar observations now follow in tabulated form: The first column shows the occasional absence and appearance of pneumococci in the mouth of the patient in Bed 8. In the second column have been indicated the "positive" cases in the ward on the corresponding dates.
A similar series of notes was made in regard to Bed 5 of the same ward. The patient was a "normal" case. Three of the cases in adjoining beds had pneumococci in their mouths. The case in question probably acquired them in the ward. 8--* Blank means that there was no record of the other ward cases on this day or on the days immediately preceding or following.
In addition similar observations on two other patients may be cited. The patient in Bed 6 was repeatedly negative for almost a week after admission to the ward. At that time patients in Beds ~, 2, 4, and ~o had been regularly positive, the two last being cases of pneumonia. Cases in Beds 3, 5, and 8 were occasionally positive. On January. 9t h pneumococci were also found in case Bed 6. Two days later they had disappeared.
The second case was in Bed 3-He was admitted about the same time as the above case and was free from pneumococci. To his left were Beds i and 2, occupied by regularly positive cases, and to his right a convalescing pneumonia patient. Nine days after admission the organism was detected in the mouth of this patient.
The next study was carried out on a "normal" patient who was regularly positive, and consisted in the examination of the following parts and articles: Culture from his dry lips, handkerchief No. z, handkerchief No. 2, sputum cup, culture from the lip of his drinking-cup.
The usual mouth cultures had given positive results on December 27, 28, January z, 6, 7, 8, and 9th (Case 36, Tables II and  III) . E 15 was isolated and studied.
On January 7th a culture from the dry lips showed typical pneumococci. The patient's handkerchief, after twenty-four hours' use (and when perfectly dry), was examined for the presence of pneumococci. Numerous colonies of this organism were obtained. Culture E 20 was isolated. The handkerchief was kept in a sterile jar and examined thirty-six hours, and seven days later, and pneumococci were cultivated on these dates. On January ioth a second handkerchief was examined with positive results. A sputum cup which was filled with 5 % carbolic-acid solution, on the surface of which some of the patient's saliva was floating, was examined on January 7th. Cultures from the saliva showed typical pneumococci. A successful attempt was made to discover the organism on the patient's dishes. Cultures taken from the lip of a drinking-cup some five minutes after he had partaken of cocoa gave pneumo-
Of the observations made on the larger male ward two instances only will be given, relating to two patients who had been negative for some time before the pneumococci finally appeared. In the case of the patient in Bed 19, fifteen days elapsed before the organism appeared; in the case of the one in Bed 20, a full month. 6 Both of these patients in all probability acquired the pneumococcus from other cases in the same ward. " 27, pos"
The conclusions in regard to communicability which I have reached are: (i) "Normal" individuals in whose mouths the pneumococcus is repeatedly found to be absent may acquire the organism by association with cases of pneumonia or with "positive normal" persons; (2) the handkerchiefs and dishes of pneumonia and "positive normal" cases may be regarded as means of transportation of the pneumococcus from person to person.
STUDY OF THE PNEUMOCOCCI
ISOLATED.
The characters of the pneumoeoccus having already received so much attention at the hands of previous workers, much of the following study will necessarily be repetition. A point of especial importance was the relationship of the pneumococcus in the normal mouth to the organism obtained from pneumonia cases and from other pathological processes. In the study of the pneumococcus in the normal mouth and in the mouths of pneumonia cases, I have considered the typical characteristics and the variations which occur among a large number of different strains of pneumococci. I observed the morphology, cultural properties, metabolic activity, pathogenicity, and agglutinative action of the organisms, studied comparatively the organisms from the two sources, and the best means of isolating the pneumococci, and considered what should be the determining factors in their identification. Table II shows the sources of the organisms studied in this place, but in addition ten other strains, nine of which were isolated from cases of empyaema and one from a suppurating joint, were used by way of control in the study of morphology and cultural properties.
Morphology of the pneumococci.--The changes in form, which very many strains undergo on the various media, in exudates and blood of animals, and on the same medium from generation to generation may be very great. It is therefore of importance in a comparative study to observe the organisms under conditions which shall be as nearly alike in each instance as possible. In most cases the growths on Loeffler serum, and the colonies on the plates were examined with the capsule method from eighteen to twenty-four hours after the cultures were taken. The first generation of each pneumococcus strain could, as a rule, be regarded as having developed a morphology more or less characteristic for it.
The types of pneumococci regularly met with, excluding involution forms, may be grouped in the following way: the typical form, the small form, the large form, the bacillary form, and the streptococcus form.
The typical form presents lancet or less commonly coccoid-shaped elements enclosed in a characteristic capsule. The capsule takes the form of a deeply staining peripheral ring, elliptical in contour, and separated from the body of the organism by a considerable interval. If we designate this outer ring as the "capsular membrane," the substance included between it and the cocci may be termed "capsular substance." The latter may remain perfectly clear and unstained, or take on a faint color. When these forms are met with in culture, degenerated and empty capsules as well as typical chains are frequently present.
The degenerated capsules stain poorly, or may present tears in their peripheral membrane. The empty forms also stain faintly. Some of them apparently contain diplococci; others have lost one of the two cocci. The capsule at the end of a chain may be empty, one, two, or more cocci being absent. When the pneumococci come into contact there is often a fusion of the capsules, with a disappearance of the "capsular membrane" where they join. The typical pneumococcus chain is composed of capsule and elements similar to those described for the diplococcus. Usually a slight constriction between the diplococci is to be seen. The cultures of pneumococci vary considerably as to the presence of the degenerate and empty capsules and chain forms. At times typical encapsulated diplococci preponderate; at other times many of the other varieties are present in large numbers.
The small form possesses a capsule which is narrow, with a more delicate contour, and with a capsular membrane approaching the body of the organism more closely. Many strains show this type in the very first generations. The larger pneumococci just described may degenerate into smaller forms after a number of generations, even on the best culture media. When transplanted on dry or unfavorable media they often present this picture. The larger forms are characterized more by the size and development of their capsules than by any marked increase in the size of the enclosed cocci. The capsules are broader, not so well limited, and more diffusely staining than the usual type. Further, they have a tendency to break up in the process of preparing the specimen, due to their greater viscosity. This type of organism may resemble the diplococcus forms of the Streptococcus mucosus.
In a number of instances I have found strains whose members are elongated so as to form veritable bacilli. Many of these are due to fusion of smaller elements. However, this mode of origin of the bacillary forms is often not apparent. The capsules are generally narrow and diffusely stained. The type belongs to the luxuriantly growing pneumococci. It may appear in the first generations directly isolated from the mouth, or in the later generations of the "large," more mucoid type. Short bacillary forms are very common. The typical lancet-shaped cocci, if slightly elongated, are of this variety.
The streptococcus type is characterized by elements which are round or irregular in shape. Capsules may be absent. When they are present they tend to form delicate membranes situated very close to the cocci and to surround the single members rather than the pairs. I have elsewhere referred to this type of capsule as the "streptococcus type." 7 At times even the first generations show this arrangement. These encapsulated chains are frequently found as degenerations of pneumococci which have been transplanted a great number of times or have been cultivated on unfavorable media.
The following table includes the "completely studied" pneumococci. The characteristic morphology in the first generation and especial points in morphology which manifested themselves in later cultures are indicated. * For the sake of reference a number of streptococci are included in this list. t "Typical," "small," etc., refer to the types of organisms. Whenever nothing to the contrary is stated the encapsulated form is to be understood.
, Proceedings of the Ne~a York Pathological Society, x9o4, iv, x3x. From the above table it will be seen that most of the pneumococci showed the typical encapsulated or slightly elongated forms. A few showed the small and bacillary type, and two the large mucoid forms. The streptococcus variety was found in three cultures. Although the particular morphology above indicated in the table was noted in the first generation of each culture, either on the Loeffter serum or the serum-glucose-agar plates, it must be mentioned that many strains either lost their capsules entirely after a number of transplantations or became converted into other types. It appeared that most of them could assume the smaller or streptococcus type under certain conditions of growth. The bacillary and large forms were at times replaced by the typical forms. None of the varieties, however, changed their morphology to the large mucoid type. Degenerative and involution changes occurred in some cultures of all the strains.
The cultural properties.--AU the completely studied organisms were inoculated on the following culture media : broth neutral to phenolphthalein, neutral agar, Loeffler's blood-serum, gelatin, litmus milk, and Hiss' inulin-serum water.
Broth the bouillon. The luxuriance and the rapidity of growth varied greatly. Some strains (E 5) developed a heavy and diffuse turbidity in twenty-four hours; others produced only the faintest cloud. Very few pneumococci caused the formation of flakes in either turbid or clear bouillon.
Agar: Most of the organisms grew poorly on this medium. E 37 and 38 gave very profuse growths. They presented appearances characteristic of Streptococcus mueosus.
Loeffler's blood-serum: The usual type of growth characteristic for pneumococci was generally obtained. There was considerable variation as to the luxuriance and watery character of the surface growths. E 5, 37, and 38 developed rapidly; the first gave watery, and the other two mucoid, colonies. Some cultures, however, were rather attenuated and their colonies fairly dry.
Gelatin: At 24 ° C. most of the strains finally gave evidences of growth. At best the colonies were very fine and the development extremely sparse. There was never any liquefaction.
The following organisms gave no perceptible growth: E i i, i2, 13, 20, 29, 45, 53, and 54. All of these, with the exception of E 45 and 54, were virulent for white mice. The statement made by some observers, to the effect that the avirulent pneumococcl do not develop on gelatin (at the ordinary temperatures) whereas the virulent forms do, could not be confirmed.
Litmus milk: The time required for acid production to manifest itself and for coagulation to take place were noted in each instance. The results are given in the following table. $ Atypical organism; see section on allied organisms. Two or three days was the usual time required for coagulation. Three strains, E 8, 43, and 54, produced a moderate amount of acid but no coagulation.
Inulin-serum water: Table No . XV shows in how many days coagulation set in. Coagulation as a rule took place in from two to four days. Acid production could often be noted in one or two days. Although this medium was in main sufficiently favorable for the growth of pneumococci, a number of lots of serum water were made up which had to be discarded. These last were found to furnish a poor medium for the development of the organism. It is difficult to determine the reasons for the variations in the quality of the medium. An attempt was made to use beef-serum which was free from red blood cells and in which very little, if any, h~emolysis had taken place. The various lots were tested by inoculation with luxuriantly growing pneumococci. If acid production and coagulation were deferred for a number of days the medium was replaced by a fresh lot.
I found that the serum-water medium may be made more favorable for the growth of pneumococci by the addition of peptone. A modified serum-water medium was prepared as follows: Hiss' serum-water mixture is first made up. One hundred c.c. of beef-serum and 2oo c.c. of distilled water are put into a flask and steamed for ten minutes. A peptone solution is prepared by dissolving 6 grams of Witte's peptone in 25 to 3 ° c.c. of water over a small flame. When dissolved it is filtered and cooled. The peptone mixture is then added to the sermn water. To this medium as a basis z % of inulin and sufficient litmus are added in the usual way. Kahlbaum's litmus has given me the most satisfactory results. Both the peptone solution and the serum water should be cold before mixing. The medium is sterilized for x5 minutes on three or four successive days. After sterilization it has a thin jelly-like consistency. Acid production by pneumococei is usually manifested in i8 to 24 hours.
All of the pneumococei studied fermented inulin.8 The action of certain 8 A number of strains failed to ferment inulin in certain generations. Others caused only a suspicion of acid in the inulin-serum water, but gave a more marked reaction medium as modified by me. organisms resembling the pneumococcus on inulin will be considered in a separate section.
Colonies: I wish to call attention to a number of points regarding the colonies of the pneumococcus. I have already referred to the characteristic "ring" appearance that many strains present. As seen in the serum-glucose-agar plates, the "ring-forms" vary both in size and structure. Thus a central umbilication is sometimes to be discerned on colonies as small as the period employed in ordinary newspaper type. On the other hand, I have occasionally seen the colonies attain a diameter of i. 5 to almost 2 ram. The colonies of this type, when dense, lack the characteristic milky appearance given to them by transmitted light. They are then more mucoid and whiter in appearance. The central umbilication may not become manifest until 48 hours have elapsed, so that a slightly convex watery or mucoid colony may show the typical appearance if it be incubated or allowed to remain at room temperature 24 hours longer.
There are both small and large colonies which do not show the ring form. The small colonies are slightly convex, glistening, and of varying opacity. They may be watery or even somewhat mucoid. Very large colonies are occasionally observed. These may be mistaken for the colonies of the Streptococcus mucosus capsulatus. Their development is just as great and general characteristics the same. The colonies of E 37 and E 38 attained a diameter of 2. 5 ram. on the surface of the plates. Both strains were isolated from a case of pneumonia. As far as the macroscopic appearance of these cultures was concerned they were indistinguishable from the mucoid streptococcus. E 33 also gave colonies almost as large as those just described. After a number of transplantations all three strains showed a marked diminution in the luxuriance of their growth on serum media.
PATHOGENICITY OF THE PNEUMOCOCCI.
The question of the virulence of the organisms isolated from the mouths of the "completely studied" eases was determined by inoculating white mice with approximately uniform doses of the pure cultures. The rapid diminution in virulence which the pneumococcus suffers after a number of transplantations, the difficulty in employing exact dosage, and the slight variations in the weight of the mice employed, are facts which affect the interpretation of the results. It was possible, in most instances, to inject pure cultures but one generation removed from the original isolation. Of fifty-one (5i) pneumococci derived from the mouth, there were five in which later generations were used. The five strains, however, were virulent even after the second generation. These studies, therefore, may be regarded as a fair index of the pathogenicity of the organisms.
The usual dose was a twenty-four-hour growth on a serum-agar slant. This was suspended in ~ c.c. of normM salt solution and inoculated subcutaneously in the back of a white mouse. Whenever the results were negative or doubtful, as, for example, the possible death of the mouse from some other cause, fresh animals were employed, or larger and repeated doses were sometimes injected into the same animal. In some instances the attempt was made to convert avirulent into virulent strains.
The following table deals with the virulence of fifty-one pneumococci isolated from the mouth: The virulent strains varied considerably in the rapidity with which they brought about the death of the animal. The shortest time was 15 hours. Most of the mice, however, succumbed within two or three days. The pathological changes consisted of fibrinous exudate with varying amounts of hmmorrhage and cedema at the site of inoculation, and now and then increased peritoneal or pleuritic fluid. The typical encapsulated diplococci were found regularly in films made from the exudate and the blood. In a few instances the diplococcus was also present in spreads made from the peritoneal or pleural fluid. At times, especially in the case of strains E 37 and 38, the exudate was of a mucoid character, but never as gelatinous as in the case of the Streptococcus mucosus capsulatus. When death did not set in rapidly (23) more marked lesions were observed, such as peritonitis, fibrinous perihepatitis, pleuritis, and slight splenic enlargement. Congested or hmmorrhagic areas in the lungs were but rarely seen.
Cultures were taken from the blood and local exudate of every mouse which died of the infection, and the organisms again identified by the capsule stain.
The avirulent pneumococci, although injected in much larger doses, produced no appreciable symptoms in the test animals. In each of these cases at least two mice were employed. In a number of the eleven negative instances intraperitoneal or subcutaneous injections into mice were employed, and the animals killed in eighteen to twenty-four hours. Capsule stains were then made. Thus E 40 was avirulent for most of the animals and did not present the typical morphology on the plates, but it showed non-encapsulated and degenerate forms of the pneumococcus as represented by chains with or without the "streptococcus type" of capsule. An inoculated mouse killed twenty-four hours after injection showed typical but small encapsulated pneumococci.
Of the total of fifty-one cultures of mouth pneumococci, eleven were avirulent and forty virulent, or 2i. 5 % and 78.S %, respectively. In the cases of the "normal" mouth cultures, eight were avirulent out of thirty-eight, or 21%. Of thirteen cultures from the pneumonia cases, three were avirulent, or 23 %. Apparently, therefore, about the same proportion of non-virulent pneumococci are to be found in the mouths of patients suffering from pneumonia as in the mouths of normal individuals.
Pneumococci occurring in the mouths of normal individuals are, as far as we have been able to determine, identical with those occurring in the mouths of patients with pneumonia and obtained from other sources. A few minor differences were noted. Pneumococci isolated from the mouth grow more rapidly and more luxuriantly than those isolated from pus of empya~ma. The elongated almost bacillary types with well-formed capsules occurred more frequently in the recent cultures from "normal" cases. This latter peculiarity appears to be an expression at times of high development under favorable cultural conditions. In regard to virulence and the lesions produced in white mice no differences were to be noted. Some strains from the "normal" mouth retained their pathogenicity quite as long as the strains from other sources. Thus culture E 5, from a "normal" case, was still virulent almost four months after isolation2 SUMMARY O~ THE OCC~R~NC~ OF P~EUMOCOCCUS.
~. Certain characteristic morphological types of pneumococcus were met with regularly in the course of this study.
2. The pneumococci occurring in the mouths of normal individuals possess the usual morphological and cultural characters observed in the organisms isolated from other sources.
3. All the pneumococci studied possessed the power of splitting inulin with the formation of acid.
4. The percentage of virulent organisms found in the mouths of normal cases was 79; in pneumonia cases 77.
ORGANISMS IN THE MOUTHS OP NORMAL INDIVIDUALS WHICH
CLOSELY RESEMBLE THe P-~F~UMOCOCCUS.
In this section will be considered certain organisms which belong to the pneumococci but present variations from the Usual type, organisms related to the pneumococci but possibly intermediate in development between the streptococci and pneumococci, and the Streptococcus mucosus capsulatus.
Certain atypical pneumococci:--Culture E 4o presented none of the typical capsulated forms of the pneumococcus at the time of isolation, but non-9 In ten cases the saliva of the patient was taken for direct animal inoculation at the same time that plates were made. The intention was to compare the value of the plate method and animal inoculation in recovering the pneumococcus. By the latter means four positive instances were obtained. In each of these the pneumococcus was isolated in pure culture, ready for the test inoculation, at the end of forty-eight hours.
Only three positive cases were secured by direct animal injection. It was, moreover, necessary to plate out the organism from the blood of the infected animals in order to obtain pure cultures. It would seem, therefore, that more reliable and rapid results are to be obtained not by inoculation but by the plate method. capsulated diplococci and chains with the streptococcus type of capsule. Several mice inoculated with early generations of the organism were not affected One mouse died nineteen hours after inoculation with the eighth generation, but as no organisms were found in the blood this result was regarded as doubtful. Typical, although poorly developed, capsular forms were, however, discovered in a mouse killed for the purpose of diagnosis.
This organism was found variable in its action on inulin. A number of tests were made with different generations and with a strain isolated from a mouse. After three days there was slight coagulation with moderate amount of acid production. Complete coagulation did not take place. At times no appreciable acid was formed. One tube showed the reaction at the end of six days. The distinguishing features of this organism were: atypical morphology, nonvirulence, and variable fermentative power for inulin.
Of the pneumococci with large mucoid colonies three cultures were isolated from tSe mouth. A similar strain was cultivated from the exudate in a case of early empy~ema. These pneumococci are to be distinguished from the Streptococcus mucosus by their morphology. Their elements are regularly lancetshaped in the early generations. Their chains are of the pneumococcus type, i. e., composed of pairs of lancet-shaped cocci surrounded by a capsule which shows a tendency to slight constriction between the diplococci. The Streptococcus mucosus under the same conditions will be found to possess either round or biscuit-shaped elements, and the capsule about its chains never shows the indentation so common in the case of pneumococci. The luxuriance of growth of these mucoid pneumococci may diminish rapidly after a number of transplantations. The Streptococcus mucosus, on the other hand, does not seem to undergo much change.
Organisms related to the pneumococcus:---Culture E 31 was isolated from the mouth of a so-called normal patient. Its morphology was peculiar and quite different from that of the ordinary pneumococcus. Specimens stained with the capsule method, and taken from cultures on serum-agar, or Loeffler's medium, presented the following picture. Most of the elements were grouped in pairs, and were coccoid or slightly elongated. Often single cocci or short bacillary forms with rounded ends were to be seen. The capsules when they enclosed two elements often showed deep constrictions between the cocci, so that the latter appeared almost separated. Another feature was the tendency for the organisms to clump. When aggregated in this way, the contiguous capsules fused at the lines of contact, so that a single enveloping membrane for a whole clump could be seen. Even considerable manipulation in the process of spreading failed to separate them completely.10 In neutral or serum-bouillon long chains were formed.
The following was noted in cultures: Milk was coagulated in five days. With inulin it behaved variably. The early cultures caused fermentation, the later ones fermented slowly or not at all. Mouse No. i received four inoculations without effect. Mouse No. 2 died in forty-three hours; there was a fibrinous hmmorrhagic exudate locally. No typical pneumococcus forms were found either in the exudate or in the blood. Mouse No. 3 did not succumb.
Mouse No. 4 was killed for diagnosis, but no organisms were detected in the spreads. This strain was therefore of doubtful virulence. The features of the organism were: peculiar, atypical morphology; irregular action on inulin, and non-virulence for mice.
Still another type (E 42) resembling the pneumococcus was isolated from a "normal" patient. On Loeffier-serum and serum-agar media it grew as diplococci which showed very delicate eccentrically placed capsules. Usually only one half of the capsule was discernible. Careful adjustment of the focus, and the use of a high ocular, often enabled one to see the other side of the capsule as a faint linear envelope situated very close to the bodies of the diplococci. A similar appearance was now and then to be seen in the case of short chains.
Cultural characters: Milk was coagulated in four days, neutral bouillon was diffusely clouded; on gelatin there was very poor growth. Variable results were obtained on the inulin medium. Two of the early cultures coagulated the inulin-serum water in four and five days respectively. At other times only a very little acid, or none at all, was produced. Animal inoculations were negative. The typical pneumococcus form was not formed even after a number of animal inoculations. This organism may therefore be regarded as having features in common both with the streptococcus and the pneumococcus.
Streptococcus mucosus capsulatus:--A number of organisms belonging to this
group were isolated from normal mouths. They form a distinct class by themselves and should be differentiated from pneumococci, although the latter, both in their cultural properties and morphology may often closely resemble them.
In the blood and exudates of infected animals their characteristic morphology is developed. In these the Streptococcus mucosus takes the form of diplococci or chains surrounded by a particular type of capsule. The elements are usually somewhat biscuit-shaped. However, they may be coccoid, slightly elongated, or even lancet-shaped. The lancet form is rare, and when it is found is usually associated with many of the other forms. The capsules of the diplococci are almost circular in outline, very large and broad, with a tendency to stain diffusely. Those surrounding the chains give no evidence of having been formed by the fusion of smaller elements. The outer membrane shows none of the indentations which are commonly seen on the pneumococcus chains. In the blood and exudates of infected animals the diplococcus form usually preponderates. Short chains of four are very common and chains of six or eight elements may be found.
On culture media, especially on the serum media and Loeffier's coagulated blood-serum, the same morphology is to be observed. Although the capsules of the streptococcus are fairly resistant in the early generations taken from animal exudates, in general they are more easily broken up, more mucoid, and less well defined in their outlines than those of the typical pneumococcus. Involution forms, longer chains, and smaller and more membranous envelopes usually occur in the later generations.
The colonies of these organisms on the plates often attain considerable dimenslons. As a rule, they measure about i. 5 to 2 ram., are mucoid and glassy by reflected light, milky and more opaque by transmitted light. Colonies measuring 3 ram. or slightly more in diameter are occasionally seen. If the plates are allowed to remain at room temperature for a second 24 hours after incubation, an appearance similar to that presented by the "ring type" of pneumococcus colonies is often developed. The centers of the colonies become clear and the peripheries stand out as milky annular bands.
On the surface of the serum-agar or Loeffler's medium there is a glistening, mucoid, apparently transparent growth. Discrete colonies may be likened to drops of water. By transmitted light the opacity of the colonies can be seen.
Milk and the inulin-serum water are coagulated rapidly. The growth on gelatin is poor, and there is no liquefaction.
The organisms studied were virulent for white mice, death usually resulting in 2o to 48 hours. After subcutaneous inoculation a mucoid, almost gelatinous exudate, often with considerable cedema and h~morrhage, was produced locally. The typical encapsulated organisms were present in the exudate and in the blood.
Although the very profuse and characteristic growth of this organism on serum-agar or serum-glucose-agar usually enables one to differentiate it from the pneumococcus, this is not always the case. Reference has already been made to three strains of pneumococci as they grew on the above mentioned media which were indistinguishable from the Streptococcus mucosus. For the diagnosis one must rely upon morphological differences. The forms in the blood and exudate of animals inoculated with the two types of organisms show the same differences in morphology as do their cultures on favorable media. After a number of transplantations, the pneumococci may suddenly lose their luxuriance of growth, while the mucoid streptococci vary but little in this respect. In older cultures the distinction of the organisms by means of their morphology presents no difficulties.
R]~SUM~ OF THE FACTS RELATING TO IDENTIFICATION AND CHIEF DIAGNOSTIC I~EATURES OF THE PNEUMOCOCCUS.
The identification and isolation of the pneumoeoccl were accomplished by the plate method and on Loemer's serum. The organisms which could be identified as pneumococci by means of their morphology were (a) typical encapsulated forms, (b) small encapsulated forms, (c) large encapsulated forms, (d) bacillary encapsulated forms; other organisms encountered were non-encapsulated diplococci or chains it; encapsulated streptococci, i. e., streptococci with the streptococcus type of capsule; diplococci or chains with atypical capsules, or with other peculiar morphological characters; streptococci with mucoid capsules (Streptococcus mucosus capsulatus).
Pneumococci classified as "typical," "small," large," or "bacillary," when virulent, regularly presented the typical morphology in the blood and exudates of white mice. Positive animal tests were regarded as furnishing conclusive evidence as to the nature of the organism. Prom a study of a large number of strains it was found that organisms cff the above morphology always belonged to the pneumococci. Even when not virulent it was possible to demonstrate the typical encapsulated forms in animals.
Studies of the Pneumocaccus and Allied Organisms
The value of the morphological identification on Loeffler's serum was investigated by plating out about twenty-five cultures and controlling the results in that way. Pure cultures of pneumococci were obtained in all of the tubes in which encapsulated pneumococci had been recognized in the films.
In a separate study it was found that pneumococci frequently lost their capsules after a number of transplantations or when cultivated on unfavorable culture media. Non-encapsulated chains resembling streptococci were also met with under these conditions. The question arose, therefore, as to whether the organism could possibly lose its typical form in the first generation on Loeffier's blood-serum or on serum-glucose-agar plates, and take on the form of non-encapsulated diplococci and chains. A large number of these forms were therefore isolated and studied both culturally and by animal inoculation. None of these could be converted into the encapsulated types or identified with the pneumococcus by cultural or other tests. It would seem, therefore, that pneumococcl isolated from the mouth and growing on the media employed, regularly take on the encapsulated form in the first generation.
Encapsulated streptococci with spherical or biscuit-shaped elements and surrounded by a membranous, linear envelopel~ were more frequently met with especially on the Loeffler serum. These occur frequently as degeneration forms of pneumococci, but may belong to the streptococci. A number of such streptococci were isolated and studied. E 26 and 45 showed this character, but their identification was easy on account of the presence of the "small" encapsulated pneumococcus forms. E 4o, however, showed none of the varieties of diplococci which are at once recognizable by their morphology. There were many encapsulated chains of the "streptococcus type," but the typical diplococcus form was obtained in a white mouse. Of the many other encapsulated streptococci isolated and studied none could be proven to be pneumococci, either culturally or by animal inoculation. There was, therefore, only one instance (E 40) in which the pneumococcus did not show some one or other of the typical pneumococcus forms in the first cultures. Possibly poor quality of the medium might explain this case.13
There seems little doubt that there are many doubtful diplococci of atypical morphology possessing characters in the stained specimens which are somewhat different from those of the ordinary pneumococci, and yet in cultures they may exhibit characters resembling both the pneumococci and the streptococci. E 31 and 42, which have already been described at length, differed from the pneumococci in their morphology and resembled them in their ability to ferment inulin. Animal inoculations in these cases failed to give any positive evidence of their pneumococcal nature. One strain resembling E 31 And another resembling E 42 had previously been isolated but not completely studied. At the present time I am unable to classify these two strains. Perhaps they are intermediate organisms between streptococci and pneumococci. Possibly E 4a approaches nearer the streptococci and E 3 r the pneumococci.
The Streptococcus mucosus belongs to a group which is related to, but distinct from, the pneumococcus. Its recognition by means of morphology is usually easy. 12 I. e., the "streptococcus type" of capsule. is E 57 was a streptococcus which showed a narrow capsule.
As one becomes acquainted with the various types of pneumococci when stained with the capsule method, their differentiation from other encapsulated organisms, such as the Micrococcus tetragenus, the diplococcoid forms of the Friedl~nder bacillus, and the encapsulated diplococcus often found in beefserum, presents little difficulty. The capsules of Micrococcus tetragenus are usually small,t4 and the cocci themselves large and round or flattened. The Friedl~nder bacillus is identified by the employment of the combined "Gram and capsule" stain. The organism found in beef-serum is a somewhat elongated stout coccus which is much larger than the pneumococcus, and has a narrow membranous capsule.
Perhaps the most valuable cultural features in the diagnosis of the pneumococcus are the fermentation of inulin, the growth on serum-glucose-agar, and the appearances of the colonies.
In a study of the streptococci it was found that a certain number of these are able to split inulin with the formation of acid. The present work confirms the view of Hiss that all pneumococci, as far as known, ferment this carbohydrate. Some pneumococci, however, fail to produce acid or coagulate the inulin-serum water in certain generations. This variation has been frequently noted, and to a certain extent impairs the value of the test.t5 Continued failure to ferment inulin would seem to speak against an organism being the pneumococcus, while the possession of the fermenting power cannot be regarded as proving it to be.
Finally, as regards the serum-glucose-agar medium, it may be added that practically all streptococci caused precipitation or whitening of it. The pneumococci, on the other hand, with very few exceptions, showed no tendency to produce this change.t
AGGLUTINATION OF THE PNEUMOCOCCI AND ALLIED ORGANISMS.
In this section I will present my observations on the agglu-" tination of many of the pneumococci described in the previous sections. Unfortunately, time did not permit an exhaustive study of this phase of the subject. Although a sufficiently large number of strains were studied, only a very small number of sera could be obtained. The study embraced the following topics:
Agglutination of pneumococci by immune serum. Agglutination of allied organisms and streptococci by the serum of animals immunized against the pneumococcus. 1, I have recently isolated a strain of the Micrococcus tetragenus, whose capsules are of the large mucoid type. This organism is, however, easily recogrdzed.
t s The variations in the quality of the medium and the growth of the culture must be taken into consideration. A single negative experiment .is of little value; it should be confirmed by repeated tests.
1~ Libman, op. cir., has made similar observations. Agglutination of pneumococci by means of the serum of patients with pneumonia.
Agglutination of pneumococci from so-called normal mouths by the serum of the persons from whom they were isolated.
Agglutination of the pneumococci with immune serum.--For the purpose of immunization pneumococci from two sources were selected: strains isolated from pus from an'empymma, and from the "normal" mouth. Rabbits were inoculated intravenously or intravenously and subcutaneously together, The cultures injected consisted of serum-agar growths incubated for twenty-four hours, and suspended in normal saline.
Six rabbits were immunized with as many different strains. Two of these succumbed after several weeks. Rabbit No. i was inoculated during a period of four months and showed marked emaciation. Its serum never developed any marked agglutinating power. The same was true of all the animals, with the exception of rabbit No. 3-The serum of this animal was found to have attained a higher value than any of the rest, and was selected for most of the reactions. Culture E 5 was employed for the immunization of this animal. After a period of about two months and a half this rabbit also succumbed. Sufficient serum had been obtained to carry on a number of experiments.
In the preparation of cultures for agglutination it was decided to employ bacterial suspensions in normal (0.8 5 %) saline rather than broth or serumbroth cultures. After considerable experimentation the following procedure, similar to one employed by Wadsworth, tz was adopted.
Small flasks (or a number of large tubes) of serum-bouillon is (neutral bouillon 3 parts, ascitic serum x part) were inoculated and incubated for twenty-four hours. The bacterial cells were then centrifuged, washed twice by means of normal saline, and the sediment thoroughly shaken up in some of this fluid. Inasmuch as there was considerable variation in the luxuriance of growth of the various strains, it was not possible to adopt any hard and fast rules as to the quantity of the salt solution to be used for the emulsion. The proper density of the suspensions having been determined by a series of tests, fresh tubes of suspensions were kept on hand as controls or standards.
Serum-bouillon was selected in preference to the plain broth because it was found to be much more favorable for the growth of the organisms. Although the early generations, and recent isolations from animals, regularly gave fairly luxuriant cultures in plain broth, the later cultures often developed poorly. Most of the strains had been kept alive on artificial media for a considerable time before agglutination tests were made. In the serum-broth no albuminous precipitation could be detected at the end of twenty-four hours. Microscopic examination of the saline suspensions showed practically nothing but the bacterial cells. It was found, however, that the serum-bouillon was not always suitable for this work. Certain of the pneumococci did not produce a diffuse 17Jour. of Medical Research, i9o3-o4, x, 228. 1, The broth was made from meat infusion which had been neutralized before boiling, and contained 2 % peptone. turbidity in this medium, but grew with the formation of dense flocculi.19 The flakes being very difficult to break up, the process of washing, sedimenting, and suspending failed to separate the clumps completely. Suspensions made from these cultures had therefore to be discarded.
Pneumococci which grew in flocculi were cultivated on a number of serumagar slants, from which the surface growth was suspended in saline and treated in the same way as the bouillon cultures. A satisfactory distribution of the organisms was obtained in this way. A number of tests sufficed to show that the agglutinability of the agar-and serum-bouillon cultures was practically the same.
The macroscopic reactions were made in the usual way. One half c.c. of a sufficiently dense suspension was added to a similar volume of the dilute serum. Dilutions were made up to 75 o or iooo, the tubes incubated at 37 ° C., and observed for twenty-four hours. Generally the macroscopic reactions are not absolutely trustworthy. The clumping very often does not manifest itself in the higher dilutions until eight to twelve hours have elapsed. At about this time a certain amount of sedimentation by gravity may occur in the controls. At the end of twenty-four hours this has become even more marked, so that it is often impossible to decide as to the value to be put on the test. Moreover, the clumps may be so fine as to escape observation. This may interfere with the decision both as to time and to the dilution in which the reaction sets in. The microscopic reactions are not open to these objections.
The microscopic reactions were made in every instance, very often side by side with macroscopic tests. At least two sets of reactions were made with each organism. In one the dilutions were freshly made, and in the other stock dilutions of the serum were employed. The results were practically the same in both instances. A small drop of the culture was mixed with a small drop of the dilute serum on a cover-slip for examination by the hanging-drop method. These slides were incubated just as were the tubes. Microscopic examinations of the contents of the tubes were also made. The results of these often differed considerably from the macroscopic readings.
On account of the limited amounts of serum and the large number of pneumococci to be tested, I was unable to carry out the macroscopic tests on all the strains. A sufficient number were, however, made to assure me that the microscopic tests were in main just as reliable as the macroscopic ones.
The reactions with the serum of Rabbit 3 alone will be given. A month after the first intravenous inoculation, the serum of this animal agglutinated neither streptococci nor pneumococci. Gradually increasing agglutinative power was developed. Just before the death of the animal, the senun had attained its maximum power. The rabbit was bled while moribund, the blood collected, and the sermn stored in the refrigerator. At that time it was tested with the homologous pneumococcus E 5. The study of the greater number of strains was deferred for a month, at which time the value for E 5 had dropped to i : ioo.
Additional macroscopic reactions were made with pneumococci E 6 to E i2 inclusive. The results were practically the same as those obtained in the microscopic tests. The following reactions were obtained in from twelve to twenty-four hours. By the microscopic tests agglutination can often be observed in twenty or thirty minutes. The temperature of 37 ° C. seems to hasten the process. Partial or even complete reactions may take place in much higher dilutions at 37 ° C. than at room temperature.
The appearance of true clumping under the microscope is very characteristic. When the agglutination is complete, the diplococci or chains are approximated in irregular areas which are bound together by strands or isthmuses of clumped bacteria. The clumps are not discrete as in the case of the typhoid bacillus. They have a tendency to join by means of narrow offshoots or processes. As a rule, such large masses include practically all the bacteria. More rarely we find a number of free non-aggiutinated organisms and small discrete clumps. When agglutination is incomplete, larger or smaller masses of pneumococci are found scattered throughout the field. These features were also found to occur with the streptococci.
In table No. XVIII the results of the agglutination reactions of pneumococci from the following sources are given: (a) normal mouths; (b) the mouths of pneumonia patients; (c) empy~ema pus. The readings show the reactions at the end of twelve to sixteen hours. Observations were regularly continued until twenty-four hours had elapsed. Usually there was very little difference, if any, between the sixteen-hour and twenty-fourhour reactions.
The sera of three normal rabbits were tested against fifteen pneumococci and all the streptococci and atypical organisms. The dilutions were made from i : 5 up to i : 75o. In no instance was there evidence of any agglutinative reaction in these dilutions. If the organisms be grouped according to their source, the results may be tabulated in the following manner: from empya~ma pus, gave the best reactions. Organisms derived from this source and from the mouths of pneumonia patients were agglutinated in just as high dilutions as those from the mouths of "normal" individuals.
The agglutination o~ allied organisms and streptococci u4th the serum o] animals immunized against the pneumococcus.--The same immune serum was employed for agglutination tests on the following organisms: atypical intermediate organisms, certain streptococci, and a number of strains of the Streptococcus mucosus capsulatus. The microscopic tests appeared to give very definite results. The picture of the clumping is very similar to the one already described.
The tests on streptococci were made in order to determine whether the immune pneumococcus serum possessed agglutinins for streptococci as well as for pneumococei. The results tabulated below will show that doubtful organisms, the streptococcus and the Streptococcus mucosus capsulatus, were all agglutinated by the serum: It appears, therefore, that an immune pneumococcus serum can agglutinate streptococci, certain atypical organisms, and the Streptococcus mucosus as well as pneumococci. I was unable to study the specificity of the agglutinins by the absorption methods. The tests made showed that the agglutination reaction was of no aid in the classification of the pneumococci; whether or not an irmnune serum of higher value would have shown greater differences in its reaction towards pneumococci and streptococci I cannot say.
A few experiments were made in order to determine the'difference of agglutinability of pneumococci which had been recently recovered from an animal and the old stock strains. At times there was no appreciable difference. At others, the recently isolated organism was clumped in somewhat higher dilutions. Thus E 5 was completely agglutinated in a dilution of i:i5o after passage through one animal, whereas the stock culture gave a reaction of i : xoo.
The agglutination o~ pneumococei by the serum of pneumonia patients.--The sera of three cases were employed for the tests.
Two of them were fairly fresh and were obtained from Cases 3 x and 45 (see Table II ). The third serum, kindly given me by Dr. Libman, had been taken from a very severe case of lobar pneumonia in April, z9o4, and was therefore about eleven months old. It had been kept in the refrigerator and was sterile.
The sera from Cases 3 z and 45 gave no agglutination reaction either with the homologous organism (from the mouth of the same case) or with a number of other pneumococci.
The old serum, however, still showed considerable agglutinative power. A number of pneumoeocci were tested with it; some were clumped and others gave no reaction at all, although tested a number of times. The results of some of the reactions are given below: 
+
It is interesting to note that P i gave the best reactions not only with the immune serum but also with the old pneumonia serum.
This particular organism had been kept alive for many months, but still retained its encapsulated diplococcus form. P z 5, although regularly presenting the typical form, was not at all affected by the serum in a number of tests.
Serum from a case of urmmia and from a normal individual served as controls in these experiments.
Neither gave any reaction in a dilution of i : 5.
The agglutination o~ pneumococci by the serum o~ normal individuals.--Sera from a number of the so-called normal individuals were obtained by aspiration of large veins in the region of the elbow. Each of these was tested against the organism derived from the mouths of the same patient. Dilutions from z:5 up to z:5oo were made and both macroscopic and microscopic tests set up. None of the sera showed any agglutinating power. The tests are given below:
Case 24 vs. E x6 and z9 ; result negative. " 36 " E i S,2o,and~;
.... " 39 " E i8 and xo*;
.... The agglutinability of the particular suspension was controlled by making reactions with immune serum.
* Theso organisms did not belong to the respective eases, but served as controls.
R]~SUM]~ OF THE WORK ON AGGLUTINATION.
The successful immunization of rabbits against pneumococci is attended with considerable difficulty owing to the marked susceptibility of these animals to a general infection.
The animals elaborate agglutinins slowly and poorly. All the pneumococci, irrespective of their source, were agglutinated by means of immune serum.
One sample of pneumococcus immune serum was found to agglutinate various pyogenic streptococci, the atypical organisms, and several strains of the Streptococcus mucosus capsulatus.
The serum of a pneumonia patient varied as to its power to agglutinate different pneumococci. Some strains were agglutinated, others not.
The sera of normal human individuals and of normal rabbits possess no agglutinating power for pneumococci, the atypical organisms, certain streptococci, and the Streptococcus mucosus capsulatus.
GENERAL SUMMARY.
i. In the course of experiments for obtaining pneumococci from the oral secretions of human individuals, the "plate method" described in this paper was found to be the most reliable method for isolating pneumococci.
3. An alkaline two-per-cent, glucose-serum-agar was regarded as the most favorable medium for the rapid development of colonies of the pneumococcus. the morphological and cultural properties which are characteristic of the same organisms when isolated from other sources.
i2. All pneumococci possess the power of fermenting inulin with the formation of acid, even if not in all generations. But this holds true only when the inulin serum-water medium as modified by the writer is used.
x3-A certain configuration of the colonies, designated by the term "ring-form," when present is diagnostic of the pneumo- COCCUS. x4. The percentage of virulent pneumococci present in the mouths of normal persons was 79 ; in cases of pneumonia, 77.
~5-Pneumococci of the large mucoid type, and giving large mucoid colonies, should be distinguished from the Streptococcus mucosus capsulatus.
x6. There are doubtful diplococci of atypical morphology which can be grouped neither with the pneumococci nor with the streptococci, although they possess many features in common with both.
7-The Streptococcus mucosus capsulatus belongs to a group which is related to, but distinct from, the pneumococcus.
x8. Morphological characters and animal tests are of greatest value in the identification of the pneumococcus. By the eraployment of suitable culture media it is possible, in most instances, to recognize the pneumococcus by its morphology alone. The chief cultural tests are the following: the manner of growth upon the serum-glucose-agar, and the modified inulin-serum water, and the appearance of the "ring-type" of colony.
~9. All pneumococci, irrespective of their source, were agglutinated by means of pneumococcus immune serum.
20. An immune pneumococcus serum was found capable of agglutinating various pyogenic streptococci, certain atypical organisms, and several strains of the Streptococcus mucosus capsulatus.
2 ~. The serum of pneumonia patients varied in its power to agglutinate different pneumococci. Some strains were agglutinated, others not.
22. The sera of normal individuals and of normal rabbits possess no agglutinating power for pneumococci, the atypical organisms, certain streptococci, and the Streptococcus mucosus capsulatus.
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